Phosphomannomutase activity in congenital disorders of glycosylation type Ia determined by direct analysis of the interconversion of mannose-1-phosphate to mannose-6-phosphate by high-pH anion-exchange chromatography with pulsed amperometric detection.
Congenital disorders of glycosylation (CDG) are a group of multisystemic disorders resulting from defects in the synthesis and processing of N-linked oligosaccharides. The most common form, CDG type Ia (CDG-Ia), results from a deficiency of the enzyme phosphomannomutase (PMM). PMM converts mannose 6-phosphate (man-6-P) to mannose-1-phosphate (man-1-P), which is required for the synthesis of GDP-mannose, a substrate for dolichol-linked oligosaccharide synthesis. The traditional assay for PMM, a coupled enzyme system based on the reduction of NADP(+) to NADPH using man-1-P as a substrate, has limitations in accuracy and reproducibility. Therefore, a more sensitive, direct test for PMM activity, based on the detection of the conversion of man-1-P to man-6-P by high-pH anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD), was developed. Using this assay, the activity of PMM was markedly deficient in fibroblasts and lymphoblasts from 23 patients with CDG-Ia (range 0-15.3% of control, average 4.9+/-4.7%) and also decreased in seven obligate heterozygotes (range 33.0-72.0% of control, average 52.2+/-14.7%). Unlike the spectrophotometric method, there was no overlap in PMM activity among patients, obligate heterozygotes, or controls. Thus, the PMM assay based on HPAEC-PAD has increased utility in the clinical setting, and can be used, together with transferrin isoelectric focusing, to diagnose patients with CDG-Ia and to identify heterozygotes when clinically indicated.